The aim of the current study was to determine the digestible lysine (DLys) requirement of Cherry Valley ducks from 1 to 14 d and from 15 to 35 d of age. One-day-old male Cherry Valley ducks (n = 320) were divided randomly and evenly into five treatments with 8 replicates of 8 birds. Ducks were fed adequate levels of digestible amino acid but with graded levels 
INTRODUCTION
To attain optimal animal performance, quality meat, breast meat yield, and minimal excretion of N, it is important to formulate diets that appropriate amino acid requirements for various classes of poultry (Kong and Adeola, 2013) . In the past few years, the research of amino acid requirements for ducks was very limited. Essential amino acid recommendations for ducks by the NRC (1994) were largely dependent on experimental studies conducted several decades ago and mainly derived from Pekin ducks and other duck species (i.e., Muscovy and "mule" ducks). That is not surprising because the requirement can be affected by a number of factors, including meat duck breeds, energy and protein content of the diet, and diet type (Attia et al., 1998; Attia, 2003a,b; Zeng et al., 2015) . Differences in digestibility of amino acid among different feedstuffs also may be responsible for some of the variation among trials.
Common feedstuffs vary considerably in amino acid digestibility, especially the feedstuffs with poor protein quality (Sauer and Ozimek, 1986; Knabe et al., 1989; Ragland et al., 1999) . However, the amino acid recommendations in most of the previous studies for ducks were based on the total amino acid levels (Bons et al., 2002; Xie et al., 2006) . In fact, the diets formulated on a digestible basis, containing no excess or deficiency, would comprise a perfectly balanced protein diet (Emmert and Baker, 1997) and provide superior performance when compared to diets formulated on a total amino acid basis (Rostagno et al., 1995; Attia et al., 2003) .
Lysine is used as the reference amino acid for the ideal amino acid profile (Boling and Firman, 1998) . Because all amino acids are in relation to lysine in an ideal ratio, it is important to have an accurate lysine requirement on a digestible basis for the group of poultry for which the diets are being formulated. Furthermore, amino acid balance diets can effectively reduce N excretion (Milan and Korin, 2001) .
Dose-response studies with a wide range in supply of the nutrient under study are the preferred method 838 of determining the requirement for essential nutrients (Baker, 1986; Boling and Firman, 1998; Dozier et al., 2008; Bernal et al., 2014) . However, good information on digestible lysine requirements of ducks is still very limited. The objective of the current study was to determine the optimum digestible lysine level of Cherry Valley ducks with average daily gain, feed conversion, breast meat yield and subcutaneous fat percentage being the response criteria in corn-soybean-rapeseed meal diets.
MATERIAL AND METHODS

Experimental Diet
Two different low-lysine diets which mainly based on corn, wheat bran, soybean meal and rapeseed meal were used as basal diets in both periods (Table 1) . Diets were formulated on digestible amino acid basis. The total amino acid content of the feedstuffs was determined after acid hydrolysis (AOAC, 2000; method 982.30 E [a] ), whereas total sulfur amino acid content was determined after performic acid oxidation followed by acid hydrolysis (AOAC, 2000; method 982.30 E [b] ). The digestible amino acid content of the feedstuffs was calculated using analyzed amino acid values of the ingredients and digestibilities for ducks (unpublished data in our lab). The amino acid digestibilities of corn, wheat bran, soybean meals, and rapeseed meals for Cherry Valley ducks are shown in Table 2 . The dose-response diet was formulated to meet or exceed the nutrient requirements recommended by NRC (1994) with the exception of lysine. Basal lysine levels were 0.80% (1 ∼ 14 d) and 0.60% (15 ∼ 35 d), respectively. Crystalline amino acids (except lysine) were added to the basal diet at the expense of sucrose to meet the essential amino acid levels. L-Lysine-HCl 98.5% (feed grade) was then added to each dietary treatment to meet the desired lysine level. Dietary treatments consisted of 5 concentrations of dietary digestible lysine (DLys). The L-Lysine The value of digestible amino acid of feedstuff was represented as true amino acid digestibilities which was obtained by the method of Sibbald's method (Sibbald, 1976) and was provided by feed database for Cherry Valley ducks in our lab (Wan et al., 2009). levels in diets were as follows: 0.80, 0.88, 0.96, 1.04 and 1.12% from 1 to 14 d; 0.60, 0.68, 0.76, 0.84, and 0.92% from 15 to 35 d.
Birds and Feeding Regimen
A feeding trial was conducted with male Cherry Valley ducks of which commercial strain. Treatments consisted of 5 graded levels of lysine with 8 replicate pens of 8 birds each, with an average initial body weight of 50.0 ± 0.1 g. The diets were prepared in mash form. Ducks had free access to feed and water, and mortality was recorded daily. All birds were weighed per pen at 1, 7, 14, 21, 28, and 35 d. Daily feed intake per pen was recorded. Average daily gain (ADG), average feed: gain (F/G), average daily feed intake (ADFI), and body weight (BW) per bird were calculated for each pen.
Ducks were housed in a conventional open-sided house and distributed in 40 net pens (2.0 × 1.5 m) and provided 16/8 light/dark cycle throughout the experimental period. Each pen was equipped with a hanging feeder, a nipple drinker line, and used litter. The ducklings were reared at 35
• C using warming light during the first week. Then the room temperature is not lower than 25
• C (because the temperature in August is between 25 to 35
• C, the humidity is between 65 to 85% in Wuhan, China). For determination of carcass composition, eight birds per treatment (one per pen) were randomly selected and wing-banded after the final weighing at 35 d of age. After an overnight fasting, the birds were weighed individually at the research unit of Huazhong Agricultural University, euthanized by exsanguination after electrical stunning, defeathered, and eviscerated. The carcass was weighed, and the abdominal fat, subcutaneous fat (with the skin), breast meat (including pectoralis major and pectoralis minor), and leg meat (including thigh and drumstick) were removed from carcasses manually and weighed. Breast meat and leg meat were all skinless and boneless. All weights, including abdominal fat, subcutaneous fat, breast meat and leg meat, were expressed as a percentage relative to eviscerated weight (the carcass without heart, liver, stomachus glandularis, and abdominal fat) at processing.
Blood samples (2 mL/ducks) were collected from 8 ducks from each group at the time of slaughter. Each blood sample was allowed to clot at room temperature, and centrifuged at 3,000 g for 15 min at 4
• C. Serum was stored at −20
• C until assayed. Total triacylglycerols (TG) and uric acid (UA) in serum were determined with commercially available kits (Roche, Switzerland) using the Hitachi 911 analyzer (Roche, Switzerland).
A metabolizable experiment was conducted for N excretion assay. At 35 d of age, a total of 40 male ducks with similar weight were selected and assigned individually to metabolism cages and fed the finisher diets (15 ∼ 35 d) with 0.3% chromic oxide (Cr 2 O 3 ) for 7 days. Ducks were restricted slightly below the ad libitum intake in the adaptation period and received 200 g of feed per bird and day. Water was offered ad libitum. The first 3 days of the metabolic test period was an adjustment period and the following 4 days was for fecal sample collection. During the collection period, total amounts of excreta were collected daily in vinyl disc placed under metabolism cages. Ten milliliters hydrochloric acid was added into collected fresh manure (100 g) to prevent ammonia nitrogen loss. The fecal samples were dried at 65
• C and then stored at −20 • C for further analysis. Diets and excreta were analyzed in duplicates for nitrogen and chromium content (Cr) by the method of AOAC (1990). All experimental protocols and procedures were approved by the Institutional Animal Care and Use Committee at HuaZhong Agricultural University and Animal Care Center of China.
Statistical Analyses
The DLys requirement was then estimated for ADG, F/G, breast meat yield, and subcutaneous fat percentage using quadratic and linear models by the REG procedure of SAS 8.0 where appropriate. Pen was used as the experimental unit for analysis. Level of significance was set at P < 0.05. A response tendency was set at P < 0.1.
RESULTS
Growth Performance
The effects of dietary Lys levels on growth performance are given in Table 3 . As shown in Table 3 , the different DLys levels in the diet quadratically affected ADG (P = 0.05) during 15 to 35 days of age, and F/G ratio (P = 0.03) during 1 to 14 days, respectively. There was a quadratic trend effect of DLys levels on ADG (P = 0.07) during 1 to 14 days of age, and F/G ratio (P = 0.08) during 15 to 35 days, respectively. The BW observed quadratic responses tendency (P = 0.09; 0.08) at 14 and 35 d respectively. With the quadratic model, DLys requirements were predicted as 0.948 and 0.986% for ADG gain and F/G ratio from 1 to 14 d, respectively, as 0.758 and 0.792% from 15 to 35 d (Figures 1  and 2 ). 
Slaughter Performance
The effects of dietary Lys levels on slaughter performance are given in Table 4 . As shown in Table 4 , There was a quadratic trend effect of DLys levels on breast meat yield (P = 0.09). According to this model, the DLys requirement for obtaining maximum breast meat yield were 0.961% (1 ∼ 14 d) and 0.761% (15 ∼ 35 d) (Figure 3 
N Excretion and Serum Uric Acid Concentration
The results of the metabolism experiment were shown in Table 5 for the growth periods (15 ∼ 35 d). In the metabolism experiment, the different DLys levels in the diet affected N availability and N excretion significantly for ducks from 15 to 35 d (P < 0.05) ( Table 5) . N availability was significantly improved up to a dietary DLys concentration of 0.76% from 15 to 35 d. N excretion was significantly decreased up to a dietary DLys concentration from 0.76% to 0.84% in the growth periods. N excretion (P = 0.10) and N availability (P = 0.08) showed a quadratic trend toward to the increasing dietary DLys level.
In the current study, there was a significant quadratic effect of dietary DLys on serum UA concentration Values are means, n = 8 pens of 8 birds per treatment. P-value: L represents linear effect; Q represents quadratic effect. A response tendency was set at P < 0.1.
(P < 0.1) ( Table 5 ). The lowest serum UA concentration was observed when the dietary DLys concentration was 0.76%. The highest UA concentration was found in the treatments with 0.60% and 0.92% lysine levels.
DISCUSSION
When designing experiments to evaluate DLys requirements, it is important to determine the digestibility of lysine in the dose-response diet. In the current research, the amount of dietary DLys requirement ranged from 0.95% to 0.99% of diet in the starter period (1 ∼ 14 d), and from 0.76% to 0.79% of diet in the growth period (15 ∼ 35 d) (Table 3) . Chen and Shen (1979) reported that the optimum DLys levels based upon optimum ADG and F/G in the starter period compared very closely to the minimal requirement for the total lysine of 1.06% or DLys of 0.97% in the 9 ∼ 21 d crossing commercial ducks of Muscovy ducks and Peking ducks, respectively. The total dietary lysine requirement has been estimated as 0.90% from 1 to 14 d and 0.65% from 15 to 49 d for White Pekin ducks by NRC (1994) and Attia (2003a) . According to the amino acids digestibility 85% of corn-soybean meal diet proposed by Hong et al. (2002) , the DLys requirement were 0.77% from 1 to 14 d and 0.55% from 15 to 49 d for White Pekin ducks. The recommendations of lysine by NRC (1994) were lower than that the results from this trial. These studies suggest that there are considerable differences among feedstuffs in the digestibility of their amino acids for ducks (Attia et al., 2003) . Bons et al. (2002) showed that 95% of the asymptote in body weight gain was achieved at the total lysine concentrations of 1.17% (1 ∼ 21 d) and 0.87% (22 ∼ 49 d). And in feed conversion efficiency the male Pekin ducks required 1.06% (1 ∼ 21 d) and 0.82% (22 ∼ 42 d). According to the amino acids digestibility 85% of corn-soybean meal diet proposed by Hong et al. (2002) , the DLys requirement were slightly above the range based upon optimum ADG and lower than the data based upon optimum feed efficiency in our study. Such differences may be caused by differences in genetic potential, stage division, response criterion and research foundation (our experimental diets based on digestible amino acid). Response to lysine might be also influenced by the levels of other amino acids in the diet (Hickling et al., 1990) . The chosen mathematical model largely affects the estimate as well (Leclercq, 1998; Rodehutscord and Pack, 1999 ).
In the current research, we have observed that the optimum DLys level for ADG was lower than the optimum level for F/G, breast meat yield and subcutaneous fat percentage (Tables 3 and 4) . And the subcutaneous fat percentage decreased linearly with the increase of the DLys concentration. In the experiment of Boling and Firman (1998) , the DLys requirement based on the optimum body weight gain (1.32%) was slightly lower than the optimal F/G (1.34%) for female turkeys. Leclercq (1998) showed that, the lysine requirement for the lowest abdominal fat percentage was estimated as 11.88 g/kg (compared to 9.24 for gain) using the "broken line" model and 25.78 g/kg (instead of 9.69 for gain) using the monomolecular model; this last value was also unlikely. Under the current experimental conditions, increasing lysine level in diet increased breast meat yield significantly (Table 4 ). The positive effect of increasing dietary lysine on breast meat yield has been described in many studies (Hickling et al., 1990; Berri et al., 2008; Xie et al., 2009) . According to regression analysis, the lysine requirement of male White Pekin ducklings from 7 to 21 days of age for breast meat yield was 0.98% (Xie et al., 2009 ). This may be related to the protein deposition. In dose-response studies with essential amino acids, protein accretion is the criterion that is most sensitively affected (Tesseraud et al., 1996a,b; Urdaneta-Rincon and Leeson, 2004) . It was apparent that increasing lysine intake above the level required for maximum live body weight affects body composition by increasing breast meat yield and decreasing abdominal fat percentage (Leclercq, 1998; Attia 2003a) . However, there was inconsistent result showing that the optimum DLys requirement based on the optimum body weight gain (1.32%) was higher than the optimal feed efficiency for male Pekin ducks (Bons et al., 2002) . More researches were further needed to explain the reason of discrepancy in the amino acid requirement of ducks among our results and others.
The different DLys levels in the diet affected the content of UA in serum in our current study (Table 5) . Miles and Featherston (1974) were able to show a decrease in UA as dietary lysine increased to the lysine requirement. This study found that the increase in dietary DLys concentration from 0.60 to 0.76% still gave a significantly reduced N excretion in the ducks, which was consistent with the optimum DLys concentration based on the most breast meat yield and the lowest content of uric acid in serum. Obviously, the synthetic amino acids supply can effectively reduce N excretion by the change of N retention for ducks. Optimizing the amino acid supply is one of the important tools to restrict the amount of N excretion of poultry (Hevia and Clifford, 1977) .
In conclusion, for modelling DLys requirements of Cherry Valley Ducks, we recommend an optimum DLys level of 0.948% (1 ∼ 14 d) and 0.758% (15 ∼ 35 d) based on ADG, respectively. The optimum DLys level for obtaining minimum F/G was 0.986% (1 ∼ 14 d) and 0.792% (15 ∼ 35 d), respectively. Accurate digestible amino acid requirements could be economical, as well as provide the data needed for establishing an ideal amino acid profile for Cherry Valley Ducks.
